The reaction of substituted benzodioxaboroles with curcumin affords crystalline chelates, whose large dipole moments as well as electronic absorption and NMR spectra were studied.
Introduction
A few decades ago, it was shown in a series of papers that crystalline chelates of enolizable 1,3-diketones with borinic acid derivatives (1) 1-3 or of benzodioxaboroles (2) are easily formed. [4] [5] [6] [7] [8] [9] [10] In addition to these compounds with six-membered chelate rings, one can obtain similar chelates with equivalent oxygens from the above boron compounds with tropolones (3, (11) (12) (13) having fivemembered chelate rings, also proved by X-ray crystallography 13 ), or with dibenzoylcyclopentadiene (4, having seven-membered chelate rings). 7 In all these chelates the tetra-coordinate boron atom has sp 3 -hybridization, as shown by investigating the enantiomerism of asymmetrically substituted spiranic structures (2, R ≠ H, R' ≠ R"), 14 or of chelates with diarylborinic acids with two different aryl groups (1, R' ≠ R"). 15, 16 By contrast, no stable chelates could be obtained from the above boron compounds and β-hydroxyketones or 3-hydroxypyrones, and we interpreted this negative result as being due to the fact that in this case there could be no extended conjugation between the two oxygens of the chelate ring. The electronic delocalization of boron chelates derived from tropolones (3) was expected to lead to high values of dipole moments, and this was confirmed by experimental data. 17, 18 Earlier, Calvin and coworkers had hypothesized that the extraordinary stability of main group and transition metal chelates with 1,3-diketones (e. g. cupric acetylacetonate) might be due to aromaticity involving the metal atom. 19 Another example showing thermal stability is the distillable beryllium bis-acetylacetonate 5. However, our results for boron chelates in which the boron atom could not be involved in an aromatic ring (because of its sp 3 -hybridization) cast doubt on the above hypothesis, and allowed only the possibility of "homoaromaticity" in such chelates. 20 It should be noted that recently Krygowski et al. 21 reported a theoretical study of enolizable 1,3-diketones with intramolecular hydrogen bonding and of their lithium derivatives reviving the early ideas about electronic delocalization in the light of Clar's Rule. 
Scheme 1
Curcumin (6) is an enolizable 1,3-diketone which has beneficial biological effects (protection against colon cancer) and is a constituent of tumeric and curry powder used in India and elsewhere for conferring its flavor and yellow color to food. 22 It has long been known that with boric acid, curcumin forms colored dicurcuminato-boronium salts (rosocyanine, with λ max = 540 nm, such as the chloride 7). [23] [24] [25] [26] [27] They have been used for the colorimetric determination of boron. 28 In the presence of boric and oxalic acids, the neutral chelate rubrocurcumin (8) Scheme 2
Arrieta and coworkers described the electronic spectra, mass spectra, and 1 H-NMR spectra of curcumin and its chelates with transition metals such as Cu(II) and Ni(II). [30] [31] [32] [33] [34] [35] More recently, Párkányi and coworkers reported the experimental dipole moments, solvatochromic behavior, and theoretical correlations for curcuminoid dyes.
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Taking into account the recent interest in the extraordinary biochemical properties of curcumin, in the present paper we describe the reaction of benzodioxaboroles (9) with curcumin, leading to new crystalline chelates (10) whose NMR spectra, electronic absorption spectra, and dipole moments have been studied and are presented below. Scheme 3. 10a, R = R' = H; 10b, R = Me, R' = H; 10c, R = H, R' = Me; 10d, R = H, R' = t-Bu
Chelates of curcumin with 1,3,2-benzodioxaboroles
On distilling away 1-butanol from a mixture of catechol derivatives and tri-n-butyl borate, one obtains 2-n-butoxy-1,3,2-benzodioxaboroles, which under normal conditions are colorless liquids. By mixing a solution of curcumin (6) in benzene or toluene with a slight molar excess of a 2-n-butoxy-1,3,2-benzodioxaborole (9a -9d), the brick-red colored chelates 10a -10d precipitated. They were purified by recrystallization from benzene -cyclohexane. Yields are in excess of 90%. The 1 H-NMR and 13 C-NMR spectral data of these chelates in CDCl 3 solution are presented in Table 1 , and they confirm the structure 10. Atoms are numbered as indicated in Fig.  1 . Table 2 presents the dipole moments determined as described previously. 37 One should note that previously determined dipole moments were 3.32 D for curcumin, 36 3.12 D for dicinnamoylmethane (the parent compound of curcumin without hydroxy and methoxy groups), 36 The relatively large dipole moments of the compounds under study are very similar. This is not surprising because the alkyl groups that constitute the difference between all compounds exert only a small effect on the overall dipole moment of the boron chelates. In addition to the experimental dipole moments, Table 2 contains calculated dipole moments. The values presented in this table were obtained by using the PM3 method. We have also carried out calculations using the AM1 and MNDO methods but the results obtained by the PM3 method seem to be most consistent and to provide the best agreement with the experimental values, although they are typically lower. This is observed quite often, because the calculations do not take into account solvent-solute interactions and other factors.
The UV-Vis spectra were measured in methanol. The absorption maxima are shown in Table  3 . Electronic absorption spectra of curcuminoids were discussed in a previous publication by Párkányi et al., 36 and also by Arrieta 33 and Chignell et al. 41 The longest-wavelength band due to the chelate as a whole does not differ appreciably between all compounds, and is situated around 510 nm. The intermediate band around 420 nm appears as a shoulder for 10a and 10b, and is split into two bands for 10c, 10d; this band corresponds to the curcumin moiety, as seen below. The band around 270 nm is characteristic for benzenoid rings. Curcumin itself exhibits absorption maxima at 265, 422, and 436 nm (shoulder); 36 the first band at 265 nm corresponds to a π→π* transition, whereas the band at 422 nm can be due either to an n→π* transition as proposed by Balasubramanian, 42, 43 or to a combination of π→π* and n→π* transitions, according to our calculations. Free catechol has two absorption bands at 210 and 275 nm, both being π→π* transitions. in the gradient heteronuclear multiple-bond correlation spectra (ghmbc).
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General procedure for preparation of 10a -10d
This was carried out by treating a benzene solution of curcumin with a slight molar excess of freshly distilled 2-(n-butoxy)-1,3,2-benzodioxaborole (prepared from tri-n-butylborate and the corresponding catechol derivative). The precipitated chelate was filtered off, washed with benzene and n-hexane, and recrystallized from benzene -cyclohexane. Yields were 90% or higher.
As for other boron chelates, elemental analyses do not afford correct data because of oxygenresistant boron carbide formation; however, high-resolution mass spectra are provided. 
